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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a self-aligned vertical bipolar transistor. 
SOLUTION: The method for manufacturing the bipolar 
transistor comprises a process in which a base region 8 
having an extrinsic base 800 and an intrinsic base is 
formed. The method comprises a process which forms an 
emitter region comprising an emitter block having a 
comparatively narrow lower part arranged in an emitter 
window formed above the intrinsic base. When the 
extrinsic base is formed, the implantation of impurities is 
executed so as to be self-aligned with respect to the 
emitter window, by being separated by a predetermined 
distance from the boundary in the lateral direction of the 
emitter window on both sides of the emitter window after 
the emitter window is prescribed and before the emitter 
block is formed. 
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1 . Title c ( Ifi Y e D t ! G n 

Proceea for fabricating a self -aligned vertical bipolar 

transistor 



2. Claims 
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1. Process for fabricating a bipolar transistor 
comprising a phase of producing a base region (8) 
having an extrinsic base (800) and an intrinsic base 
and a phase of producing an emitter region (14) 
comprising an emitter block having a narrower lower 
part (140) located in an emitter window provided above 
the intrinsic base, characterized in that the 
production of the extrinsic base comprises the 
implantation of dopants (800), carried out after 
definition of the emitter window, on either side of and 
at a predetermined distance (dp) from the lateral 
boundaries of the emitter window, so as to be self- 
aligned with respect to this emitter window and before 
the emitter block is formed. 

2. Process according to Claim 1, characterized 
in that an oxide block (13) is produced on an 
insulating layer (8, 10) formed above the intrinsic 
base, this oxide block having a narrower lower part 
(130) extending into an orifice (OF) etched in the 
insulating layer, the dimensions of which etched 
orifice correspond to those of the emitter window, and 
a wider upper part (131) resting on the insulating 
layer, the lateral edges (FV) of the etched orifice In 
the insulating layer being self -aligned with the 
lateral edges (FV) of the upper part (13), and 
implantation of the extrinsic base is then carried out 
on either side of the upper part of the oxide block, 

3. Process according to Claim 2, characterized 
in that the production of the oxide block comprises: 

- formation of a sacrificial layer (11) above 
the insulating layer, formation in the said sacrificial 
layer, by photolithography followed by etching, of a 
cavity (110) whose dimensions (d) correspond to the 
dimensions of the upper part of the oxide block; 

- formation, by oxide deposition followed by 
whole-wafer reslnless anisotropic etching, of spacers 
(12) resting on the insulating layer and on the 
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internal vertical walls of the said cavity, the 
separation (f) between the spacers defining the width 
of the emitter window; 

- partial etching of the insulating layer (10) 
between the spacers so as to form the said orifice 
(OF) ; 

- filling, with oxide, on the one hand of the 
recess located between the spacers (12) and on the 
other hand of the orifice (OF) , and removal of the 
sacrificial layer so that the oxide block (13) is left 
on the insulating layer, the extrinsic base 
implantation taking place on either side of the oxide 
block. 

4. Process according to Claim 3, characterized 
in that the insulating layer conprises a first sublayer 
(9) formed from a first dielectric, for example a 
silicon oxide, above which is a second sublayer (10) 
formed from a second dielectric, in that the spacers 
(12) and the oxide block (13) are formed from the first 
silicon oxide, in that the etching of the cavity In the 
sacrificial layer and the etching of the spacers (12) 
are carried out so as to stop on the second insulating 
sublayer (10) and in that the said orifice (OF) , whose 
dimensions correspond to those of the emitter window, 
is etched in the second Insulating sublayer (10) . 

5- Process according to Claim 4, characterized 
in that the sacrificial layer (11) Is formed from 
polys 11 icon. 

6. Process according to Claim 4, characterized 
In that the sacrificial layer (11) is formed from 
silicon-germanium. 

7. Process according to Claim 5 or 6, 
characterized in that ... the . removal of the sacrificial 
layer (11) comprises isotropic plasma etching using a 
gas mixture consisting of hydrobromic acid and oxygen 
in a volume ratio of the order of 10, and a pressure 
greater than 15 mTorr. 

8. Process according to one of Claims 2 to 7, 
characterized in that production of the emitter 
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comprises etching of the oxide block (13) and of that 
part of the insulating layer (9) which is located in 
the emitter window, formation of a polysilicon layer on 
the unetched parte of the insulating layer and on that 
part of the intrinsic base which is located in the 
emitter window, and etching of the polysilicon layer so 
as to form the said emitter block (14) . 

9. Process according to one of the preceding 
claims, characterized in that the base (8) is a base 
with a SiGe heteroj unction and in that formation of the 
base region comprises epitaxial growth of a stack of 
silicon and silicon-germanium layers (80-82) . 

10, Process according to Claim 9, characterized 
in that production of the emitter (14) comprises 
epitaxial growth, on the emitter window, of the upper 
surface of the base stack so as to obtain, at least 
above the said window, an emitter region formed from 
monocrystalline silicon and directly in contact with 
the upper layer of the said stack. 

3* Detailed DeKrip-icn cf lETenMCE 
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The invention relates to vertical bipolar 
transistors, especially those intended to be integrated 
into high-frequency very-large-scale integration 
technologies, and in particular to the production of 
the extrinsic base and of the emitter window of these 
transistors.. 

In polysilicon-emitter bipolar technologies, 
the emitter region generally comprises an emitter block 
having a narrower lower part located in a window, 
called the "emitter window", provided above the 
intrinsic base of the transistor. The emitter block 
also has a wider upper part which extends beyond the 
emitter window and rests on an insulating layer 
(generally formed from two insulating svtblayers) above 
the base region* 

Implantation of the extrinsic base takes place 
on either side of the wider, upper part of the emitter. 

Now, the emitter window on the one hcuid and the 
upper part of the emitter block on the other hand are 
defined, respectively, using two separate 
photolithography levels and consecjuently two 
photolithography masks. 

Moreover, in order to avoid contact between the 
diffused dopant zone, beneath the emitter window coming 
from the emitter, and the boundary of the implanted 
zone of the extrinsic base, it is necessary, when 
producing the emitter, to specify a minimum distance 
between the boiindaries of the emitter window and the 
boundaries of the upper part of the emitter block. This 
distance takes into account many parameters, especially 
the extension of the - implanted zones during thermal 
anneals, as well as tolerances in the fabrication 
process . 

Furthermore, since two photolithography masks, 
i.e. two photolithography levels, are used, it is also 
necessary for defining the said distance to take into 
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account the alignment tolerance between the two 
photolithography masks - 

Furthermore, taking this alignment tolerance 
into account requires the said distance between the 
boundaries of the emitter window and the boundaries of 
the upper part of the emitter block to be increased so 
as to avoid any risk of contact between the diffused 
zone beneath the emitter and the extrinsic base region. 

This therefore leads to the area of the 
intrinsic collector located between the two implanted 
extrinsic base zones being intentionally increased, 
with the consequence that the base-collector 
capacitance is increased • 
/ . Moreover, taking into account this alignment 

- ^ tolerance also leads to the distance between the 

emitter window and the extrinsic base zones being 
intentionally increased, with the consequence that the 
base access resistance is increased. 

All this leads to dispersion in the 
characteristics of the transistor, to inhomogeneity in 
the characteristics of the transistors fabricated from 
the same wafer and leads to degradation of the high- 
frequency performance of these transistors, such as, 
for exartple, the value of the maximum oscillation 
frequency (power gain cutout frequency) . 

This has a penalizing effect on all types of 
vertical bipolar transistors, and most particularly for 
those .. intended to be integrated into high-frequency 
) very-large -scale integrated technologies, and which in 

this regard have an epitaxially grown base with a 
. silicon-germanium (SiQe) heterojunction. 

The invention aims to provide a solution to 
these problems. 

One object of the invention is to propose a way 
of fabricating a vertical bipolar transistor whose 
extrinsic base is self -aligned with respect to the 
emitter window, something which is not the case in the 
prior art that has just been mentioned. 
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This is because, according to that prior art, 
the extrinsic base is self-aligned with respect to the 
polysilicon emitter block but is not self-aligned with 
respect to the emitter window since two 
photolithography masks have been used, with the result 
that there is an alignment tolerance. 

The invention therefore proposes a process for 
fabricating a bipolar transistor con^rising a phase of 
producing a base region having an extrinsic base and an 
intrinsic base and a phase of producing an emitter 
region comprising an emitter block having a narrower 
lower part located in an emitter window provided above 
the intrinsic base. 

According to a general characteristic of the 
invention, the production of the extrinsic base 
comprises the implantation of dopants, carried out 
after definition of the emitter window, on either side 
of and at a predetermined distance from the lateral 
boundaries of the emitter window, so as to be self- 
aligned with respect to this emitter window and before 
the emitter block is formed. 

The self-alignment with respect to the emitter 
window of the implanted extrinsic base is obtained 
because the emitter window is defined using a single 
photolithography mask and because this extrinsic base 
implantation is carried out before the emitter block is 
formed. The invention is therefore distinguished from 
the prior art which provided self -alignment of the 
extrinsic base not with respect to the emitter window 
but with respect to the polysilicon emitter block, and 
in which prior art the implantation of the extrinsic 
base was furthermore carried out after the emitter 
block was formed. . .. 

The invention applies to any type of vertical 
bipolar transistor, whatever the type of base used, 
whether this be a conventional silicon base or else a 
base with a silicon-germanium heteroj unction, and 
whatever the method of producing the base, whether by 
implantation or epitaxy, for example. 
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According to one method of implementing the 
invention, an oxide block is produced on an insulating 
layer formed above the intrinsic base (this insulating 
layer possibly being formed, for example, from two 
insulating sublayers made of two different dielectrics, 
for example silicon dioxide and silicon nitride) . The 
oxide block has a narrower lower part extending into an 
orifice etched in the insulating layer, the dimensions 
of the etched orifice corresponding to those of the 
emitter window. The oxide block also has a wider upper 
part resting on the insulating layer, the lateral edges 
of the etched orifice in the insulating layer being 
self -aligned with the lateral edges of the upper part 
^- of the oxide block. The Implantation of the extrinsic 

V ^ base is then carried out on either side of the upper 

part of the oxide block. Self -alignment with respect to 
the upper part of the oxide block, and consequently 
self -alignment with respect to the lateral edges of the 
etched orifice and therefore of the emitter window, are 
therefore obtained. 

According to one method of ittplementation, the 
production of the oxide block comprises: 

- formation of a sacrificial layer (for example 
. made of polysilicon) above the insulating layer; 

- formation in the sacrificial layer, by 
photolithography followed by etching, of a cavity whose 
dimensions correspond to the dimensions of the upper 
part of the oxide block; 

:f j " formation, by oxide deposition followed by 

whole -wafer resinless anisotropic etching, of spacers 
resting on the insulating layer and on the internal 
vertical walls of the said cavity, the spacing between 
the spacers defining the width of the emitter window; 

- partial etching of the insulating layer 
between the spacers so as to form the said orifice; 

- filling, with oxide, on the one hand of the 
recess located between the spacers and on the other 
hand of the orifice, and removal of the sacrificial 
layer so that the oxide block is left on the insulating 
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layer, the extrinsic base implantation taking place- on 
either side of the oxide block. 

The insulating layer preferably comprises a 
first sublayer formed from a first silicon oxide (for 
example SiOj) above which is a second sublayer formed 
from a second dielectric (for example Si3N4) . The 
spacers and the oxide block are formed from the first 
silicon oxide (for example SiOa) . The etching of the 
cavity in the sacrificial layer and the etching of the 
spacers are carried out so as to stop on the second 
insulating sublayer (Si3N4) . The said orifice, whose 
dimensions correspond to those of the emitter window, 
is then etched in the second insulating sublayer 

(Si3N4) . 

The sacrificial layer may be made of 
polysilicon, or else of silicon-germanium, thereby 
making it easier to remove the sacrificial layer. 

The sacrificial layer is preferably removed by 
isotropic plasma etching, using a gas mixture 
consisting of hydrobromic acid (HBr) and oxygen, in a 
volume ratio of the order of 10, at a pressure greater 
than 15 mTorr. In this way, very good selectivity both 
with respect to the material of the oxide block and 
with respect to the silicon nitride is obtained. 

According to one method of implementing the 
invention, production of the emitter conprises etching 
of the oxide block and of that part of the insulating 
layer which is located in the emitter window, formation 
of a polysilicon layer on the unetched parte of the 
insulating layer and on that part of the intrinsic base 
which is located in the emitter window, and etching of 
the polysilicon layer so as to form the said emitter 
block. 

The base may be a base with a silicon-germanium 
heteroj unction and formation of the base region may 
comprise epitaxy of a stack of silicon-germanium 
layers. 

Moreover, according to one method of 
implementing the invention, production of the emitter 
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may comprise epitaxy, on the emitter window, of the 
upper surface of the base stack so as to obtain, at 
least above the said window, an emitter region formed 
from monocrystalline silicon and directly in contact 
with the upper layer of the said stack. 

Further advantages and characteristics of the 
invention will appear on examining the detailed 
description of an in no' way limiting method of 
implementation and the appended drawings, in which 
Figures 1 to 12 illustrate schematically one method of 
implementing the process according to the invention. 

In Figure 1, the reference number 1 denotes a 
silicon substrate, for example a p-type silicon 
sxabstrate, on the surface of which an n^-doped buried 
extrinsic collector layer 2 has been conventionally 
produced, in a known manner, by arsenic implantation. 

Likewise, two p*-doped buried layers 3 are 
conventionally produced, on either side of the 
extrinsic collector 2, by boron implantation. 

Thick epitaxy is carried out, in a manner known 
per ee, on the sxibstrate i thus formed so as to produce 
a layer 4 of n-type monocrystalline silicon having a 
thickness typically of the order of 1 micron. 

Next, a lateral isolating region 5 is produced 
in this layer 4, in a manner known per se, either by a 
localized oxidation process (or LOCOS) or a process of 
the "shallow trench" type. 

A lateral isolating region 5 of the shallow- 
trench type has been shown in Figure 1 for the sake of 
simplification. 

Also produced conventionally, especially by 
phosphorus implantation, is an n*-doped collector well 
.60 which makes contact .with the buried layer 2. 

Next, boron implantations are carried out so as 
to produce p-doped wells 7 under the lateral isolating 
region 5, allowing isolation with respect to the 
transistors adjacent to the bipolar transistor 
described here. 
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Next, a thermal oxide, typically silicon 
dioxide, is grown, conventionally, on the surface of 
the epitaxially grown monocrystallic intrinsic 
collector 4. This silicon dioxide growth is also 
carried out over the entire wafer, and especially over 
the collector well 60. This oxide also forms the gate 
oxide for the complementary insulated-gate field-effect 
transistors (CMOS transistors) produced together with 
the bipolar transistors on the same wafer (BiCMOS or 
bipolar CMOS technology) . 

Next, a layer 17 of polycrystalline silicon, 
having a thickness of the order of 500 k, is deposited 
on the semiconductor block thus formed. 

A window 70, called "base window" is then 
etched by plasma etching, stopping on the oxide layer 

If lateral isolation of the shallow- trench type 
is used, the two parts of the etched silicon layer 17 
extend slightly on top of the intrinsic collector 4. If 
lateral isolation of the "LOCOS'* type is used, the 
etching window 170 may be wider theuri the intrinsic 
collector 4. 

Next (Figure 2) , the oxide layer € located 
above the connector undergoes chemical deoxidation. It 
should be noted here that one of the functions of the 
polycrystalline silicon layer 17 is that of protecting, 
during this chemical deoxidation, the rest of the wafer 
and especially the lateral isolation zones when these 
are produced by shallow trenches. 

Next, after a desorption treatment of the base 
window with hydrogen at a temperature greater than 
eoO^'C, a stack 8 of three layers 80, 81 and 82 is grown 
epitaxially, within.. which layers the future base of the 
transistor will be produced. More specifically, a first 
layer 80, of undoped silicon, is grown epitaxially to a 
thickness of a few tens of nanometers. The second layer 
81 formed from silicon-germanium is then growth 
epitaxially. It is in fact composed of a first sublayer . 
of Sii.xGex with x constant and ranging from 0.1 to 0.2, 
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on which a second sublayer, also formed from an Sii.xGex 
alloy (with x for example decreasing down to 0) and 
p-doped with boron, is deposited. The total thickness 
of the layer 81 is very small, typically from 20 to 
100 nm. 

A layer B2, having a thickness of a few tens of 
nanometers, of silicon, p-doped using boron, is then 
grown epitaxially on the second sublayer of the 
layer 81. 

After this epitaxy, typically carried out at 
700°C in an ultra clean CVD deposition reactor, a stack 
of monocrystalline layers, on the intrinsic collector 
in the base window, and of polycrystalline layers above 
f'\ the polycrystalline silicon layers 17 is obtained. This 

' multilayer stack must allow a base with a silicon- 

germanium heteroj unction to be formed. 

It should be noted here that the epitaxy for 
producing the base with a heteroj unction is non- 
selective epitaxy. 

However, the invention also applies to any type 
of base, whether made of silicon or silicon-germanium, 
and whatever its method of production, whether by 
selective or non-selective epitaxy, or for example by 
implantation directly in the collector. 

It should also be noted here that the presence 
of the polycrystalline silicon layer 17 makes it 
possible to present, at the start of epitaxy, a surface 
essentially formed from silicon, thereby making it 
) possible to achieve a substantially identical growth 

rate on the intrinsic collector and the polycrystalline 
silicon, resulting in better homogeneity in the 
thickness of the base. 

Next, a first insulating sublayer 9, of silicon 
dioxide, having a thickness of the order of 200 A is 
deposited on the layer 81, 

A second insulating sublayer 10, of silicon 
nitride (SiaN*) , having a thickness of the order of 
300 A is deposited on the silicon dioxide first 
sxiblayer 9. 
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The production of the emitter window and of the 
extrinsic base will now be described with reference 
more particularly to Figures 3 to 8. 

For the purpose of simplification and for the 
sake of clarity. Figures 3 to 8 show only that part of 
the transistor which is located above the base window 
170 provided above the intrinsic collector 4. 

A so-called "sacrificial layer" 11, formed here 
from polysilicon and having, for example, a thickness 
of the order of 2000 A, is deposited on the nitride 
sublayer 10. 

A cavity 110 is then defined in the sacrificial 
layer 11 by conventional photolithography, using a 
photolithography mask. Next, the polysilicon is etched, 
stopping on the sublayer 10, so as to form the said 
cavity 110 (Figure 4) . 

Next, a conformal coating of oxide, for example 
silicon dioxide Si02, is deposited on the block 
illustrated in Figure 4 and then, conventionally and in 
a manner known per se, insulating lateral zones or 
spacers 12 are formed, these bearing both on the 
nitride sublayer 10 and on the internal side walls of 
the cavity 110 in the sacrificial layer 11. These 
spacers 12 are formed especially by whole -wafer 
resinless anisotropic etching. 

The separation f (Figure 5) between the spacers 
12 defines the width of the emitter window. 

As will be seen in greater detail below, the 
implantation of the extrinsic base will take place on 
either side of the vertical walls FV of the spacers, 
that is to say at a distance dp from the external 
boundaries of the emitter window. This distance dp is 
predetermined and . spe,qif ied. so as to guarantee that 
there is no contact between the implanted extrinsic 
base zones, given their extension after diffusion, and 
the n^^-doped diffused zone lying beneath the emitter 
window in the base region, this n** zone resulting from 
the doping of the emitter, as will be explained in 
greater detail below. 
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Of course, the distance dp also takes into 
account the tolerance limits due to the variations in 
the process. 

Consequently, a person skilled in the art will 
know how to adjust the value of the dimension d of the 
cavity 110 as well as the thickness of conformal oxide 
allowing the spacers 12 to be produced, so as to obtain 
a desired value for the window f as well as the value 
specified for the distance dp. 

By way of indication, a value of 0.6 microns 
may be chosen for the dimension d, this being 
compatible with the formation of spacers whose width at 
the bottom, dp, is about 0.15 microns, resulting in an 
>l emitter window having a width of 0.3 to 0.4 microns. 

Next (Figure 6), that portion of the insulating 
nitride sublayer 10 which is located between the 
spacers 12 is conventionally etched, so as to etch an 
orifice OF. This etching is selective with respect to 
the oxide (SiOa) forming the first insulating 
sublayer 9. 

It should be noted here that no 
photolithography level was needed to define and etch 
the orifice OF, which corresponds to the emitter 
window. Consequently, the vertical walls fv of the 
orifice OF are self-aligned with respect to the 
vertical walls FV of the spacers. 

The following step consists in depositing, over 
the entire assembly illustrated in Figure 6, a thick 
/ oxide so as to fill the etched orifice OF as well as 

the recess located between the spacers 12. This oxide 
is then planarized using conventional techniques known 
per se, for example chemical -mechanical polishing, so 
as to obtain, as „ill.ustrated in Figure 7, an oxide 
block 13 having a narrower, lower part 130, which 
extends into the insulating sublayer 10, and a wider, 
upper part 131, which projects beyond the emitter 
window and rests on the base region 8 via the 
insulating stack 9, 10. 
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Next, the sacrificial layer 11 located on 
either side of the oxide block 13 is etched away. This 
etching is advantageously isotropic etching , exhibiting 
high selectivity with respect, on the one hand, to the 
silicon dioxide SiOa forming the oxide block 13 and, on 
the other hand, to the silicon nitride forming the 
second sublayer 10. This high selectivity and this 
great isotropy make it possible, as illustrated in 
Figure 8, to obtain almost vertical walls FV for the 
oxide block 13 . Such etching may be carried out using a 
plasma gas comprising a mixture of hydrobromic acid and 
oxygen, in a volume ratio of approximately 10 (ten 
times more hydrobromic acid than oxygen) at a pressure 
greater than 15 mTorr. A selectivity of approximately 
200 with respect to silicon dioxide and approximately 
10 with respect to silicon nitride is then obtained. 

Next, p* implantation is carried out on either 
side of the oxide block 13 so as to form implanted 
extrinsic base zones 800. 

Since only a single photolithography mask was 
needed to define th6 vertical walls FV and the emitter 
window, the extrinsic base inpleuitation is consequently 
self -aligned with respect to the emitter window. 

Consequently, it is not necessary to take into 
accoimt any alignment tolerance on the photolithography 
masks for specifying the predetermined distance dp 
separating the boundaries of the emitter window from 
the boundaries of the implanted extrinsic base. 
Consequently, the tolerance on the distance dp may be 
corresponding reduced, namely by about 0.18 microns, 
which at the present time represents the minimum 
alignment tolerance for two photolithography masks. 

Next, the oxide ^ block 13 and the subjacent 
portion of the insulating sublayer 9 are removed so as 
to obtain the configuration illustrated in Figure 9, in 
which the structure obtained in its entirety, i.e. 
beyond the base wind.ow, has again been shown. The oxide 
block 13 may be removed conventionally, and in a manner 
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known per se, by chemical etching in a bath of 
hydrofluoric acid. 

In order to allow a chemically clean 
monocrystallinic silicon surface to be obtained, that 
is to say one whose concentration of oxygen atoms is 
less than 10^^ cm^, a chemical deoxidation treatment may 
also be carried out in the emitter window using a bath 
of hydrofluoric-based acid diluted to approximately 1% 
for one minute. Such a chemical deoxidation does not 
degrade the subjacent monocrystalline silicon surface 
and consequently does not introduce any crystal 
defects. 

In order to further improve the surface state 
of the silicon in the emitter window/ it is 
advantageous to carry out a desorptiori treatment in 
hydrogen at high temperature (greater than 550^0) so as 
to remove residual impurities adsorbed on the surface 
of the silicon during the deoxidation. 

Next, the emitter for the transistor is 
produced in an ultra-clean CVD deposition reactor, for 
example the one sold by APPLIED MATERIALS under the 
reference CENTURA HTF, 

More specifically, the semiconductor block with 
the exposed base is ej^osed, in the emitter window, to 
a gas mixture consisting of silane and arsine in a non- 
oxidizing atmosphere, typically under vacuum or in 
hydrogen . 

The CVD deposition conditions are, for example, 
a flow rate of 10 litres of hydrogen per minute, a flow 
rate of 0.5 litres of silane per minute and a flow rate 
of 0,12 cm^ of arsine per minute, at 630<>C and at a 
pressure of 80 torr. 

A person skilled , in ..the art will have noticed 
that these conditions correspond in fact to the 
deposition of polysilicon. However, because of the 
chemically clean nature of the monocrystalline surface 
of the base exposed in the emitter window, the silicon 
deposited in this reactor grows epitaxially, that is to 
say it grows as a monocrystalline layer on the base. 
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After having obtained a silicon layer with a 
thickness of the order of 2500 A, the silicon layer is 
conventionally etched, using a new photolithography 
mask and a corresponding block of resin, so as to 
obtain an emitter 14 comprising, in the emitter window, 
a lower part 140 surmoxinted by an upper part 141 wider 
than the emitter window. This emitter has been 
deposited in situ and is moriocrystalline, at least near 
the interface with the base in the emitter window 
(Figure 10) • 

In practice, it has been found that it was 
monocrystalline near the interface and polycrystalline 
above the nitride, and had a preferred orientation in 
the epitaxially grown upper part above the emitter 
window. 

Next, a silicon nitride layer is deposited and 
etched so as to obtain spacers 120 which include the 
silicon nitride layer 10 and bear on the vertical walls 
of the upper region 141 of the emitter and on the 
silicon dioxide layer 9 (Figure 11) . 

With the aid of a new mask, the geometry of the 
base of the transistor is then defined and, after 
having pre -etched the oxide layer 9, the stack of 
layers 17 and 8 are etched so as to obtain the 
configuration illustrated in Figure 11. 

The final step consists in producing the base, 
emitter and collector connection areas S using a known 
technique of the "self -aligned silicide" type, which 
comprises depositing a layer of metal (for example 
titanium) in order to form a silicide, TiSia, on the 
silicon regions of the extrinsic base, the extrinsic 
emitter and the extrinsic collector. 

The transistor... according to the invention, as 
illustrated in Figure 12, is therefore an NPN vertical 
bipolar transistor with a silicon-germanium 
heteroj unction, which can be used in a VLSI -type BiCMOS 
technology. The extrinsic zones are self-aligned with 
respect to the emitter window. 
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Moreover, in the method of implementation that 
has just been described, but which is not limiting, the 
transistor comprises a monocrystalline emitter directly 
in contact with the silicon of the upper encapsulation 
layer 82. However, especially because of the diffusion 
of the dopants and of the various conventional heat 
treatments, the emitter-base junction lies within the 
layer 82. The transistor has, because of the self- 
alignment of the extrinsic base with respect to the 
emitter window, a reduced base access resistance. The 
transistor also has a reduced low-frequency noise, 
while retaining good static parameters, especially 
current gain. Its maximum oscillation frequency is 
( ) optimized and it furthermore has a reduced emitter 

resistance compared with transistors having a 
polycrystalline emitter, 

4. .Brief Dfscripticc cf Dm^iegs 

Figures 1 to 12 illustrate schematically one method of 
implementing the process according to the invention. 
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1. Abstract 
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The fabrication process, comprises -Va phase of 
producing a base region 8 having an extrinsic base 800 
and an intrinsic base, and a i^hase of producing an 
emitter region comprising an errdtte'r,^l)Iock having a 
narrower lower part located in an emitter window • 
provided above the intrinsic base. Production of the 
extrinsic base comprises implantation of dopants 800, 
carried out after the emitter window has been defined, 
on either side of and at a predetermined distance dp 
from the lateral boundaries of the emitter window, so 
as to be self-aligned with respect to this emitter 
window, and before the emitter block is formed. 

) 2. Xepicsfnlfltl'.c craving 

Fi^8 



) 



